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EVA1,UATION OF THREE NEW TECHNOLOGIES” FOR lNTERNATIONAI, SAFEGUARDS’

W, D. ,$mnbro. C, .4. Rmlriguez. C. T. Uingrr, and T, L. Cmmcrs

Los Almnm Nislion:d LAormory

IAN Almnrrs, Ncw Mexico 87S4S, I ISA

AMciKl

1AM Alumos Nisliolml l~txw;m~~ is examinin~ a num-

ber l)f prrrmising te~hrrologies thw crruld increase [hc cffcc-
tivrncw wsd elfiuicnc y of irr[emalionid ruclear safeguwds.
The techniques dewrrtrcd in this paper include video image

prltiessirrg, infrare4f imaging. find mxmslic rcsonmwc spcc-

wowopy. t;hich rsf Ihcsr techniques crffcrs unique m-lvamages
in Ihc implementation of an inspeuinn regime,

1~

Inlcrrralionxl sufrgu;mis insprclmns musl hr m-ricd

OUI irsctficirntly und cft’wivrly as ~}ssihlr. I’o Ibis end, IIIC

IAN AI:IIINIS ?$la[itmisl I,ahmtmy Siifcguiid\ Progrim is

iilwil~~ cvaluiuinp, new lrchnoh~gim lhil[ might imprrwc

SUICgUilrll\ ins~hlions, Wr ore curwntly invcslifmlin~

applic;llit)n~ (II lhrrc Ic,,llnologirs III silfcguiwds, vi{lro

inul ~c prinwsing. in frmd im:i~ing. irml U{wsliu l’C!+(llliIlll’C

q,.. ln)w(~py. ‘IIICW Ilmw IC141111’)*~Its vury in lcchIIIcirl
nmturi[y nnd IIIC cxlcm II) whil’h lhcy h:lvc Imrll ImIcd 111Ilw
shfcguards mvinmmcnt, In thr ftdlowin~ w~.lions wc will

dc.~”rilw the hilr[l~,iln iln(l \oflwil~ IhirI C(MMl)IPX these \y\

ICIIIS dk WCI1 il~ SOIIW 1)1 lhrw il,ll)llL’iltl(Ml\ It) SNll_gllillll!.,

LYidcdlllwllusMiug

Swwl

VldCt~ llllil~c pr{nw.siny hil\ cmrrgrd ns ;I Icl.llntlli;p,y

Ih:i! ShtIW> pnmuw I(N IhC \fil’r~~lil~lin~ Id mlrlcnr lliill~

riillh, Ill Illhllll(’1 lrrnh, WC llSC inmgc (Iillil 11) C\lilhllsh il

kn(wll wtr for II given HrrII; sutwequrvll Imngr (litt[~ KIIII thrn

Iw rvnlunlrd III prtwidc inftnlllnlii)n IrgmIIIng phvsI(IIl nnil

mlvir~mmrmnl chIIIIflr I. in Ihr IIIr:I “I”helmn~r dnln UIIII Irr 111
il wiilr v;llirly Ill l“(mmt:. :lml L.:111hr nllnlyfr[l I(I [lrlcrllum-

prr(lrllmtl Illilrlll {[hulill{ms (n sillqlly (x)lllprrisc(l uiin~

dIgIIJl (xmlplrwilw mrllunlj l~n mvirw nl n hlrr ,Inlr,

Thr sillr}!ll,lnl\ l’l~l~r;!nl III 141\ AINIII~m N;ltitm:ll 1,1111

Imlllwv h:I\ Iwrn tlrvrl:tpln~ Ill! Imnge Imwll mnlrll; ll\ vrll

lit :IIII;II \y\lrlll 11,.11pnwi[lr\ lIIIrrl V inlollll;lli~)ll nlhwl thr

$Iow III nuI”lr-nI IllmIl~lInl\ III Shwngr tu ill priurw ‘Ilw
I’xlwllllwllllll Illvrnh,ty Vrl:llt’nll, ]ll !ivslrnl IIlvsyklrnl)

usr~ Illul}!r Inlw-iiln}! Irtllll{llt}flv 10 Ill II IIIIr “lln\I\” 1111111

II Inl II~II nln MIl II I: IlrIInl\ lm-IIly, numil~w{l Ivl)lll 11115 llll\l\,

cll:lll~r ilrlr(ll{ul, IIluI~.r llllR,r\\ln~, 111111Iln,l}:r mIIIIV\,\

lllrlll(ul\ nlr xlq]llrtl IIltlrlr(,l (lllltll:rk, tu rvrnl\, In Ihr III(U1

ll~llr(l ;Ilr;l I )rlr~ Irtl rvrnli I.1111 IW IIIIIIlym(l I(I (Iclrlllullr

Ihrll \nlr~.unl~l\ ~lflulll(nll~r, Irlnlm(l I(II Ihr lII\lIIIILnl
lr{ {1111t~l 1111}:{1111}:mlulv\I\, MIIII IIw{l III Itl}:y.rl nln:III+ lhIIl

I)IIIII! Ihr rvclll I(I Ilw l~llllwilllllr nlh 1111,,11 td {ywlnlIIul\ !Il

pllllr, Ilt)ll prlvulllrl

●’] lli~ WI)[k \lllyh)Ilr.11 ll\ lt)c I t !i Ih’llill!lllrllf 1)1 bhrl~,ro

( )lllIr Id $;llr~ll,ll[l~ alhl !+r~ lIlll\

LkbwE

Ilc EIVSystcm is designed 10 run on commcrcitill~
availfihlc uompuwr Syslel )S 10 provide mfiximum pcrkir.

manuc, rcliahilily, and rn’linusinatsility while [uking wlvun.

ttigc of the rrcwes[ designs in the mpilily sfcvehq)ing CIIIII

pmcr induslry, An EIVSys[cm usuislly crrrrsis[s of a Sun

Microsysicrns SIJARC slation 10 wi[h a single cpL, as Ihe

hml computer equipped wilh system and diu;l disks,
Cl) ROM, up 105 121’+111mndom access mcmrrry. and a [ape

uni[ for urchivrrl smrngc. I ligh pcrfrmrmncc applic~tinrrs of
ihc EIVSysIcm cm Iakc advtint;lgr 01 multi .pr(wrssi)r

o!)lions Ihal isll(}w Iruc pm-~llcl pnwrs~iny,. [)tilil CiIp:lUil~

cm vtiry l_I”om I I(I 5 gig:dytes, drfwndlng rm ihr sysIc III

appliutititm. (’nmerii inpu[s cm visry from 2 N7’S(’ forrllil[

inpuls FIIIS I !$vidct~ inpu[ IIJ lb NI’S(’ inputs plIIs H Svidctl

inpul\.

SQfDIiU

“l”Ill’ l:lvsysll’nl sollwilrr Il;l\ twcn dcvrll)pcd qlcl”lfi
ciIlly 1~.wnuclcw ~;llts~llilld~ applicali(ms, (Jnllkc mmIy rtMII

mc~itilly uvnil;ddc Sufvrillilnc’c syslrnls, Ihr 1{1VSyslcm is

tfrsi~urd 10 nddrcw Ihr \pCCiilll?c(l nrc(ls (If lhc nuclcm Silfc

~llllRh lllllUllUllll~, “I?w wrrrnl n~rnirl (If Ihr I:lVSy\lrlll
includrh ISllX Wimh)w t)ill.Cll uwr inlcrf:u’r l’culuring “lMlinl

111111l.llt’k” selrutiim I(II :111sywcm functl[ms, n (“i? oper:llln~
syslrl]l 111111n(lllili(mill lllamlul~uv 14[uldiWICll(lnilry uu”rss

c(mll(di, n \\, <lcm lulllllllislr;llit~ll [tMIlm url rvrnl loggrr, n

l’illllCl;l ~(,!lll}llrllli{)ll Knll, n l’;llllcril (,xmmdlcr. a dula di:,h
clmlndlcl, II rcp4~rl grnrrnlltm lt14d, un inlrrn(”[ivr im:l~c

anulysis l~xd, Hnd 1111nlam~ man;l~rr, A (‘? Irvcl oprrnllnp

Syilcnl pnwidrs ovcmll t’tmlpulcl sm”urily Icillllrr’s for !hr
Iuv.1 L.tIIllpIIlc I, whilr nmml;mwy nnd disumli{m:lry nucrs\

lxmlnds. Sri II? lhc sy\lrIII Iullllltllsl;illiiltl Iralurr, pnwitlr
sr(lllily f{w lhr Ilppliunlnw wd’!wnrr ilwll I: VrIIl lI}KglIlt: Is

uwtl l{) rrrIIIIl Ihr nrli(m\ ~Jf mrrs whI~ II:IVC suc(. rsflully

ll~~}:ul Inl~I Ihc \mvrlllntlrc syslrll] n\ wrll n~ K) rrc!jl(l

cvrnl\ tlrlcflrtl hy Ihr sv\lrnl’\ mm~qr pr[xrwilik ~dlwurr
‘1’hr L.nlnrln rtmll}turtrlilm Ilw(h.ulisnl nllIm’\ lhr mrr III

inlrln(livrlv (’lrillr ii ~ruldlli nurnlrl tll Ilw kulvt-lllantr tilc:l

nlhl plwx- rnn]rrni in Ihr nudrl Irlxtivr u) Ihrll ncllIiil Itwil
111)11I:n(h tmnrl:l I\ Ihrll ll:trll~~.l lvrlyr~)tll l~lllr~l lIy n\\ I}:II

illy, v;IhI~.\ I(II vnl II III,, ~ntlwl:l luunlnrlrl\ “Ilww lulIilllmcl\

Ilulv Im”lll(!c lhIcduIIIl\, drlr~rttm wn\llivilm\. rsml 4,mIn-I; l

lvlx’. (1111r\mIIplr, [Irlm”lum mul \#l{lril) ‘I”hr rnnw[n Lxm

lr~dlrl I\ uwIl III n(lIvnlr Ihr wllvrlllnmx. IImr IIN- t mln-1.l

( llllll~lllnll(lll l\ unllpl( I(’ “lhr u\rl t~mlIId\ lhr ILIIII IIIdL’.
ll~r(lllgll Ilw l:lV!i}\lrlll inwilnlr, lhi\ iw)lulus Ihr IIWI II IMII

Ihr IIIV.I ttIIIIIIIIlCI’\ ~qwlnllll~ ~v\lrlll Ihllll ( Ill) 1~ nrl hlvr~l

l{) llliW Iltllll lhr \v\lrlll’\ I ()~ )!iy,lllwlr {Inlll lll\h(\) 1111!r lln-
II;IIII Iwvr Iwrll lrvh-wctl, lrnv InE Ilw iv~lrtll lrmly III Iwcrlll

tirm \IIIvc Ill IIIllr 11.II;I “1’hr 1,1VSy\lrnl ~;m mUIIIIUIIII all,

nn, hlvr {Inl:i I() I::lw n\ \U-11 AI ~xwli}!lll,ddr lulrl ~ill~, Ihr
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ll~! I l,,, ! ~;l,,ll .,1,( ’,, q-, 11!.,1 11,11111111!1;11;1

Wllll m}, Illullllll’ IIprwlw(d \Jllll IIlw,li

flu ;Ill ;Ililllll I IN-1 h

Where a rlelecred rvenl Iriggrmi lhc collmllim LIf

video chrfir,Ihe vdeo dtiIir nrr presenled N) the user In JII ;Ini

muiion sequence Ihm cm be repluvcd irI a user sclecvuhlr
spred lll]ii~~ dalil cm alw~ he mtinwdly differellier.i usirr~

ihc lmtigv [rd. providing the ~bi]lly IL) verily .’on ccl fUllL
Iimlillg of [he sy\lem’s inmgr pr(wes\inp wdrwam or I(I ~llil.

ly7r mal chungr from rmc dilie III wlolher, The gnw.s tillilngl>

in an ;weo could k analylw!, for exirmplr, by crmpirrin:! il

June I SI inliipe with im AIIgu\I ISI imtigr.
1 he ir!aml mirnilger prr)vides w in[crfi~Le II) Ihe purli~

nlnr altinll mechfinism cxmflgured inlo Ilw EIVSVsIcm insurl
I:llitm, A SySIrIII c(mfigurcd for (Iiitii gir[hcring (NIIV w(mld

ifllrrfill’1” 10 illilllll iltld cvcnl l(~p~. t:or systems 11);1[Mr L’oll

figured with iildlhlr irn(l visihlc ;d;lrms, Ihc ;Il:lml mirnil~(l

w(mki pnwidc OII, t~ll, WI(1 rrwl Iunclitms (h [})1. illilIlll

Illilllilfil’r nuly il~Il~ilIt’ Ilic ill;mll rclily w’hrll Ihc 1~1VS?\lI’ll;

is inslirlled Ul mlcr+;Icc wilh cxisl]ng lacill[v ill Jllll syslcl I)s

(’umrnlly Ihr 1{1VSy\lcIn is in\l:lllrtl :11 lwt~ [lS

I)rpmnrcnl t)f 1,.lwrgy silts to rcducr lhr fmqurnry (d phy~

IK;II Irlvcl}llwics, [11 ltll$ ilpplit”:llil)ll. lm\l\ illlilg~~ Is
rcctmlctl !iw r;lch Villlll Cillllrr;l :111(1Ihr l:, IV SvWClll Ii 0(’11

v:llcd wIIII lhc V;lllil dtnw wcurcil (.’Imllllmmj m~mIIIrIIIK
td lhr V;lllll IS lhrll ~lllll)lllilllL’illl! IWrflllllll”il 1111111IIW (’:1111

rrili :111”dCilL”llvilllmll I)v dll illllh(ll l/rll uwr Ill wl”lll C IIKMIC
Ihr 1{1VSv%lrntehpc(ls mlrnlrv III lhr ill(’,1 all(l will ol;wllltm
drlrtlrxl Cvrllls $u(’h .l\ rl,lly lIy t;lL’Illly prvstmnrl ;Is l\

Mown Ill I,lg. ?.

!+ I

Ill: : In lhI\ wvlurlhr III II; II;I, III- \;lIIll IIImII [1111}Irll) l\
{Ilwllrll, II 11,1111,111rll[rl. ( !!ll\ 1!11::111(Illlrl 1, Id!l! ( ‘!
Illr Ilr’.! !Illlr! I Ill Ihc \mlll, IllIll lrrl\r\ Ihl” .1l~.1 Ihr
Ilr\$ !dqr,( I l,. \lhwIl ;ll II II Illrlr IIt r (lII\+rl 111’1111

Ill 1111 c\,. Illtmlr IIN’ I I\”s\’.ll’lll \\lullll(ll’lrl I lhr IIllrll

111~ td Ihr Illwu, \\, Mlltl If’! 111!1 Ihr Illnl!r l.lllli (Illl; l, lull \\l,l,lll

Iltll pl(xhlt 1, /111 111,11111 I Ilr \l(lcll Irn IIllllllj: Ic,lllllr 111 Ill!’

I l\ ’sv’.lrlll 1,111 Ilr ill ll\:llrll l,, Iri (1111 Illr illllllllll/1”(1 Vrlllll



( rll,llll ll;lllrlII Im I,l:nllli,ll l.I..h., I :111111..IIIir 11111I,Ilr(l

\\ll(,ll 1111r\rlll I. Il(,lr, lrIl III Ilrlll 111{ \v\lrlll :l\\r\\ 111111

lr,.lMIllIl 11*111,111111,I(II r,.,lllll)lr. III I 1}, I Ilw Il(i911u,I\ lll;l\

Iw I IIllll)!ulr(l ,1s.II y,lrrll 111111”.Illc IrIlll;Il w;llk\\;l\ II.. u

vrllIl\\ IIml llIr I [1111.lllwl wr.I :I\ :1 Irtl JIIIII’ II Ilw vIIIlll

111*11., IIlr IIlbrIIf~l III lYIIIU III ,In ;II.11111t III.( h, 11111-,.l~u lhr
ylrrll ~{lllr Illr 111111111.11llIIh. \! ,,:11.-II (Illlrl,.11, r II,II;I ,Ilr

\lIur~l 11111IIIy 111,11;u I r,,,. 1’;111(, 4’(l)~,llllllul till Ihl,, 41;11.1

Wlv r,. Ill i’rlll} 111.11Ihr r\l W 1(’(1 ,1! Illill II! 1 Illlrtl II ,1( ll\ll\

l\ tlrlr~ lr{l Ill Illr \! ,llk\\.l\ \lI1l.11 I(. I {1111111~:l\ ;II Ilv;ll(, {l ,11 il

-4Albmumuu

.ShuLll

Inf”mred inurglng exlends Ihe idc;ls I’whlnd n(m:];ll
vidri) In)ilging I() ii new pJrl of [hc eicc.lrt)rllilp,nc[iL. speuwunl

[n illldllllln 10 inllwrlulmn on Prmili(m, ]ntmrrd IIwlgrs L.(, II
I;lin inl”rmndlion IW ;111ot~,jeL’l”slKlllpf$rillllN’ Ihiil ii indlk’isllvc
(}( hr,l[ gcncr;l!i(jfl /1/, AI l~~s ,ll;IIn’)s wr huvo kcn prlll{l

piill~ L.oncrnw(l WI III Ihr oh\rmullon” of C(mI;IIIIUR of plIIUI

niulll K!/. Ihwrvrr, \lnlll;lr prinLlplr\ will ill)lll~ IIJ any
I.l(!loil( ll\’l-]~ hl.;llcvl []1)]1.(’1s \llL’tl il\ \lwI)l IIIcI :l\\~lllhllt.\,

I lCill l\ gcnrr.llrll by P]lllolllllll) il\ il lT\llll (d IIS ril(ll(l

Ilrlll’1’ (Iel’il)’, ‘1’IIC W“IIIJ1 iSlll(llllll S (ICIWII(I 1)1) lhC I!A)IIIIIIL’

r;lll(w. 1)111till reilL’[or ~ril(l(’ rllillCl Iill IIw ltlCIlllill prnrr[

glmllrrilll(Ml Is (Ml Ihc onlrr (d I 5 14’/Lp “Ills hr;lI grwrr;tlhul

l\ Illlw L“IMIIIIMII II,, rX~lllIlllll Ill rlmvrlllloll;ll (’iil(lrllllrlrl~’
Illrilsllrrlllrlll \)’\lCl l)\ /1/ W’IICII Illl\ m;urrld I!i [llilL’L’(1 11) il

cxmt;llnrr. the rc~ullillg IIW III IIIr wlrf;we Icmlwrislmr IC\IIII\

Ill wmlr (1I Ihr rnrl~~ tying r,ldl;llml a\ rlr(”lrl}lll;lgllrllt rilill

ISlll)fl Ill ilt’1’llr,l;lfl(.r wllh I)l,!m’h’s l’(lll;lll(ul.

wlw!r hl, IS [11(-\lW1lI ill Iillll;llll CIII;IIIL (-, A l\ 1111. Uil\C

Irll},,ih, 1“~ I\ llw \pc( II;ll rl]llll;lnir :11 III;,[ *;l\,clrnylh, I I\thr
\lWrll of Il}:tll, h l\ ])lillll k.’~ cl)ll~lillll, A l\ tillll/lllilllll’\ 4“{111

S!;llll, :11)(1 “/ l\ k’ :1111(11111(, Irllllwlillulr :’(11 ldlp’l\ I)r; ll

II M)II1 ICI IIIWI;IIIII( , lh~ U;l Wh~,lh (~1 ltlc ~W,lh Cllll\\lllll l\

111111111111(111111, wtIIL.11 li In ltw 11111.IIr Il I)ilil 111 Ihr \lw(llIIII)

“l”hl\ u,lvrlr-l)}:lh I\ p;lIIIf, IllJIlv c(ql\rllwn III III;II II (.INI(’
SIM1l)(l\ 10 N Wlllll!)w Ill Ihr illll141\lltlrllL II IIWIIIIIIIII1 Ill Illtlil

rrtl lnll IilllIm “lllI\ IIulllllllms Ihr alWmIiIIIIIIIId Inr fiI(l IiIt IINI

hrl IIIr fr;u IIIIIF Ihr IIrlr( 1111

A!. (;III Ir wcn III IIIC l’liIm k rqIIiIIII III, ,IIC CIIM\\I(III I\

a tUII(r IIIO ~d Ihr \~n-i 11:11 r-II IIk\Iv Itv I, iI\ wrll a\ IIIC wIIlpr I

llllllr AIIII(NI@ Cllll\\l Vll Y I\ ;1 11111(’111111(d w; I\rhwI:lh, II l\

II Ur;lh rllt)il}:ll 11111{111111Ill;ll II (i Ill IX’ Iilh( .11 111IT (1111’.lillll

(!\,lql lll{l\l W(llhlll~, Vil\Clrll}!lll llllrlv;ll\ Ill }:rllrl,ll, vrl\

\IllIw Ilh, d)IIIV WIII, U r\ hnw hm rltll\\lvllw\ ;Iml Irllc LlIt III

~hnllln,llr\ IIVr I rllll\\l(~ll ( ‘{lllvrlwl\, II III~h \ll Il,It r\ hJVr

111~11 rllll\\l Vl!lc\ :11111 Illr ~IMMl L ;lllill(l;\lr\ I(u IIIII;IIIxI lhrl

lll~l}:llIllhV I.lulllllnlrlv, II I\ qllllr r:l\\ III liII~lIlv 1111IIIr;I Id
II \llll;It r III Ilntc II 111~11rllll\\l\llv III IUll wIllh Ur lI,Ivr
uw(l II;IIWI 111111111111~:IIIllm,IIIl I;IIw I,, ,1,.UCII ,I\ V;II II II,,, l\lII ,.

!)1 I;IIM. AmM1l/rll illlllllllllllll h,l\ ;11..!)Illllvrll Ill lll,l\ [11,..111
r ..!rllrlll 111~.11rllll,,..lkll\ \lItl,u r

( ‘I II IrIIll\ , iIIIIIIIr It 1:11CIIIIIIIIIII.111 I., lr,ulll\ ;I\ ,III;IIIII.

III lIIII\ ilk IUIIII N tr,ll IIIIN \I~lrII III 1111,II II I; III,II rll)l\,.l,ll\,, III

,1111(., l.. 1111111111c.,11111.Ilr III Illrll I. II II;II c lrllllWi,llIIII. I Ilt.

111’,llllllwlll I 1111(,Illl\ Ill 11,.r III Illr 1 (),. AI, II III I,. I’1111111111111

I .11llll\ I’1 illl Illllollllrlll( ,, N!, ilrl /(4) Illll;llrtl Illl,lylllf
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t’(ull; llllrl\ Il(lhllll}! I II hr;ll wull!’r’\

‘I”hr u-f (1!1(1Ivllr (II :Illpll[ :1111,11l.llv(d\r\ II w-1111(Ill;lull

Inlll’r ( !Ulllllllilllllll Ill Illr 111,1’.~ Ill l~llllllllllml Ill :1l“lllll;ll!lrl
l“llr Irllllwl;lllllc III lhr \llll Iu r t}! u ~{tlllnlllt.1, ,l\ IIclrlllllllrll

wIlh IIIC Illllnlrll 1111:1}:111}:\v ,lr III, lI:I\ lrrl I 111111111I(I IK, 11111
IMIIIIIIII,II 10 Illr ;1111(111111Ill pllll(lllllllll Ill Illr i IIlll;lltlrl /\ll
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and acouslic vcl(~lly. Simililrly, wwuslic ctwpling helwcen

a conliiiner ml ils solid, liquid, or ~il!i~OUS conlenls allcrs

the acoustic rqnmw r-d Ihe syslcm, Some of [h~ physiul

pamrmmm influencing autiuslic response are the gcorrwmy,

physical UhWdL’[eriS1143, onenlalion (m the case of liquid-
and solid-tilled comairwm), occupied volume. and fill Ievcl
of Ihe contirincr; fluid densily, nuomtic vclrrcity in the fill

matcriul, fluid visLwsily; ctmmmlnalitm (susprnded pmricu-
Iales); srrlulion concenwtition; m-d lhc grain sizes of solid

contents.

When simple irnd well dcfinm-1gcomernes arc crm\id-
errd, some rrf [hew prmncmrs rim k irnillytl~idly dcduccd

from il tlWaWJrCd SJWL”t~M. ]:or exwnplc, Ihc fill ]eVC] illld

mmslic velorily of a liqud in a cylindricid cwnl~iner could

he de[wmined if Ihr respmw were numcrkully Inrxlrlcd.
Tlis would rcquirr significilnl rxpenrli[lwes nl’ In,[h person.

nel and ccrmpulcr lime, wrd mfiny cmr[;linrr gcomerrics we

I(M) LWll\ple X I(> PCm)ll dflillkd ~(>lllptllall(~lhd rInfil)’Si\.

Srlc(”lcd pummclrm C:III alw~ he dclcnninrd if spm”tml
rcl;ilitmships irrc knnwn rll)piri~illly for :1 SCIULVC41 cxmullnrr

IWIU11C19UI141known fill Iypc, Rcwmlng I(’ [mr cxwnple 01
a W;IIrI pipe, IIW pilt.t, cim he c;ditmicd :Ig;linsi the fill lrvrl:

(hen IIIr [III level c~mhc deduced tItmI the mcwured pri’iuwy

frrqmmcy, Ilcorclicfll lrrfilnwnl t~l dlis simpli[ird cxwIlplr
wIuIl[l hr jusl ilk slr:llgtlllilrwilr(l, hul IIlc elllplrlL”d tipfmxlt.h

is mtwr pr:ll”ll: ill !’(,1 ,,,or’r c(m)pli L”mr(l gc(mmlrlrs,

AIIIII)IIph iIUI)USII(’ sprr[ril (lLm~WIId (MI nulrry v~riill)lr~, iIIl

~(lvill]til~~ of ARS is lhil( vilrl(jti~ lNIrrIIMI\ (d IIIC sprilrum

rcslnm(l 10 (I[l”tcrrnl v;midllrh,
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Fig. 7 The rcrrrmcly rnoni[orccl ARS sysIcm.

Grdidatc ARS safeguards appllcamms include cslrh-

Iishing and rnonimring imrinsic Mgs nnd seals (rAat is, seals

lh~l cslisNiish the integrity da cmwtincr and its cwmcnts, rrol

jusi the corwsincr imclf); aswssing fill ICVCISof prt~cssing

tirnks or container dcmving conceded cornpisnmcnls
within larger cent; liners; nondcslmclivcly arralvz.ing Imttr

rial romposilinn or solution C(JIl(’r[llrdIl(tlIS; vcrifylng pr(v

ccssing system wrnrlgurat i(ms ( frrr example, valvr positions
or opm diver..mr paths); and dclcvling holdup /(}/,

In txsnclusion, nrw Icchnohlgics wilh npparcn[ applic~

[irsm It) intcmitlilmnl wfcgrsrtrds sqqwar constantly, ‘Illc
work IO dale on [hr [h-cc m+n(d~lgick utmsidcrrd hcm imli

caw~ Ihilt they mity have significwrl safeguards rrpplictuitms

III carh t:rrsc [hc adllplitm of the Icchmdogy hy un ~~prraling
farilitv will {lci~nd on Ihc definition of 1111app!ictuimr in

whluh Ihr technology n~km n dllfcrcncc rmd on [hc srhillty

to cn~lnrcr n rrliuhlc SyMrIN thn! rnn he Inlcgrrucd with tlw

facility Iymmlimli.

of the thrrr. the video inur~c pnwcs$ing is the rwmi

malurr, “Ilw I:tmuclu ~d ~qwrllll{m IS wl’11 umlrrwknl rrml
comidmrljlc wnrh h~I\ g(mr inl~l lhc c(m(l~uralitm I}f the

harrlwuir imd wftwntr tt) miIkr Ilw \v\Icm mr~rr u(mvcnwnt

ftw the U*I. Vidr(} im:lgr prrncwlng \v\wms dcvckqwd III

l~~s Alnmns arc in usc m IWII (IS uu(”lc:lr fncililir~ “Ilw *v\

Icm wus iustallrd ns n wily Id Ilmitlng Ihr nlvrvll~wy Ilc

qucn(y and lhr ac( Imql:IIlylng (xw nn{l mdmtion c~pmmr

I:npcricnrc with the Inlrmcd IIWKIIIK$ywem hus drm
on~lrnlml Ihru ill pnrtit”ulnr Irrws it rrrll hr uwl III supplrmcnl

nMHr tlmhlitmnl ilnnging lrthntdl~~v 1Imlrl IIlr nppt~q~luuc

txmdltnmi, inlnml imnktnk iukl+ nnitlhm ilmrn~itm II) SIU

vrillnm. r hy pnwi[lltjg inf{lrmnll{m INI Ihr rtmlrnlh t}( cIm

miners Ri wrll m Itrr pltilitm It Ii will nrtr:hwwv UI prrl ImII
thr drtnild rngllwrlmg nrt,r~ml~ u) Ill Inllnlml IIIUrKIIqr

mm n pl~durli~m rllvimmnrnl.

Based on u numhcr of inimtl applicalimss of ARS in

other urciss /d/, wc hclicvc ARS will trc of grrat utilily in
safrgu:mis, Wc arc slill in Ihc inilitil phasrs of exploring

n numhcr of safcgr.urds iipplicali(ms for this promising

Irchnology,
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